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APPRO"" 'mI'l'.)
I'l'MQIlIi <DIII'i'tU

o FCC RBCXMD1ITIOR AND OVBRSIGH'l'

o MBMBBRS - ALL OPBRATORS THAT HAVB LICBNSB

o PUlfCTIOlfS

PORUM TO COORDIHATB USB OF SPBCTRUM 8Y THBSB U. S. SYSTIDIS

AROtJIG) THB tIORLD. RBQUIRJDODrl'S OP BACH U. S • SYSTBM VARY 

CDlttl-I'BB DBTBIMINBS AII)tJNT OP SPBCTRUM TO 8B USBD 8Y BACH

AROUIID TBB tIORLD.

DBVBLOP PROPOSALS TO SOLVB INTBRPBRBNCB ISSUBS AROmID 'l'BB

tIORLD. FCC USBS PROPOSALS FOR ·COORDIHATION· WITH 0'l'BBR

ADMINISTRATIONS AND WITH U. S. GOVBRNMBNT.
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APPROACH (COlT·)

.ySZGMQI9TS :

o PeC MADS ASSIGBMBRTS AT LAUNCH

o 1616-1626.5 MHZ

o 10. SIN MHZ ASSIGNED TO BACH OP N LICBNSBBS

o PJ:IIA SYSTBMS ASSIGNBD SPBCTRUM

1626.5 MHZ AND OONN

o CDIA SYSTBMS ASSIGNBD SPBCTRUM

1616 MHZ AIm UP

o IP TWO OR IIlRB COMA SYSTBMS LAUNCH, BACH WOULD POOL

IlfDIVIDUAL ASSIGNMBMTS AND USB IN COIM)N BY ALL CDMA

OPBRATORS
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RBySIGWIp'l'S

o II' LICBNSBB DOIS NOT LAUNCH FIRST SATBLLITB' WI'1'BDf [3)YBUS Oil' IlfITIAL

COIfSTllUCTIOlf AIID LAUlfCB AUTHOR.IZATION

FCC RBASSIGIfS SPBC'1'RUN SQUALLY AJ«)!fGST OTHBR OPBRATIlfG SA'l'BLLITB SYST..

o IP A LICBNSBB HAS ROT LAURCHBD ITS BNTIRB SYSTIM WITHIN [6] YBARS OP

GRAN'1' OF CONSTRUCl'IOIf AUTHORIZATION

FCC MAY RBCOVD BXCBSS SPBCTRUM AND REASSIGN IT AJ«)!G OTBBR. POLLY

OPERATIONAL SYSTBMS
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APPROACH (COlT·)

MSmJtgRTS;

PCC HUBS ASSIGNMBNTS AT LAUNCH

1616-1626.5 MHZ

ASSIGRBD SQUALLY IBTlfBBN CI»fA AIm I'DMA 1'BCJR)LOGIBS

5.25 MHZ AVAILABLB TO BACH TBCIIHOLOGY Ilf TBB USA

SUBJBCT TO III'1'BRNATIONAL COORDDlATIOR

- PI»IA ASSIGlOID 1621.25-1626.5 MHZ

PIRST PUlA SYSTBM LAU!fCHBD - BIft'l:RB 5.25 MHZ

SBCOlm PI»D. SYSTBM LAUNCBBD • SPLIT 5.25 MHZ

CDM& ASSIGNBD 1616-1621.25 MHZ

'PIRST eDNA SYSTEMS USBS BNTIRB BAND

SBeotm SUBSBQUEHT COMA SYSTBMS POOL THE 5.• 25 MHZ

-
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JBMSIGJJMINTSj

o I' BITBBR TBCBNOLOGY DOBS NOT DBVBLOP WI'1'HIR [3] YBARS APTBR

AtrrHORIIA.'1'IOlt, BXCBSS SPBCTRUM RBASSIGRBD BY PCC '1'0 SUCCBSSPOL

'l'BCHlfOLOCJY

o I' NO LIC8RSBB DlPLBMBNTS A PARTICULAR TBCBNOLOGY BY LAONCllIRG AN

DrIRB SYSTBM 1II'l'IIIR [6] YEARS 0' GRAln' - rcc RBCOVBRS AND

RDSSIG8S BXCBSS SPBCTRUM
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ADDENDUM 2

Ac:lc1endWD to Report of '!'be Mobile Satellite Service (IISS) Above 1
GHz Negotiated Rul...kJng C~tt'"

Sharing with Service. other than ARMS aDd BAS (April 6, 1993)

Subpitgpd by,. IQrAl OU,lcgp Satellite _aie'" Ine.

Supported by, TRW Inc., Bllipaat Corporation and. Constellation
COJIIIDUn1cations, Inc.

The Drafting Qr;:'2C "port of IWCI-2 contala 1....... ill
Section 4.8 which au· ta that IISS' cknml1Dk tra _i.alou in t.M
2483.5-2500 JlBz band. My DOt be f...ible in urban azeu ADd _y
experiene. interference even iD aparaely populatec:1 U'eU. LQI8
,cknowled.gea that 111I interference eatat., bitt do4N not ap'M with
the concluaion that it repre.ent. a .ignificut pzobl_ to _ and
that operAtion in only sparaely populated areaa ..y be po••ible.

Fir.t, it mu.t be noted that the .ta~nta in section 4.8
are based upon an H'rIA atudy, which waa conclrD4lCl with use of the
2483.5-2500 11Hz band for lis uplipks, not IISS clownlinka •.
Therefore, the R'l'IA reaulta aDd conelu.ions JUly DOt be c:lirectly
applicable to US downlink operatioDII.

Second, the ....ur_nt. conducted by ftIA indic.te that
there may be • cumulative environaent IU interference in urban
area. • However, due to the lim!ted teating and the configur.tion
of the te.t, with reapect to operAtion of US aY'~, the .tudy
cannot be deemed concluaive. MBS u.er teDL1nala operatinq in auch
area. may experience varying levels of cUllul.tive interference
which may under certain circumstances exceed the thermal noi.e of
the receiver.

Moreover, thlre are aeveral .itigating effect. which My
reduce or eliminate the interference vbln operatlllg in areas where
there are concentratioD8 of IU devic.a. !'be.e Jl1tigating effecta
are I shadowinq and blockinq, HES antenna patterna which reject ISK
.iqnal. arriving aast of the time at 0 degree .levation IDgll',
and the ability of the CDXA link by link power control factor to
overcome interference.

ShAdQWing , Blocking

The Globalstar MBS u.er antenna pattern will provide
siqnificlDt rejection to interferinq .ignala that are reclived iD
the horizontal direction. For tho.e ua'rs operatiDg in urban
area., the additional path loss frca horizontal aoure.., auch ..
microwave ovena, will be .ignificant due to the wall. of the
building in which the ISK interfering aource ia boUed, plus
shadowing due to tree., blockage froll bltilding., etc. . fti.
blockage waa not accounted for in the ftIA .tuc:ly. Vogel',
analysis of building penetration p.th 10.. inc:licAtea that 16 dB i.
a typical value at 2.4 GHz. Urban path 10.. at rIDge. of 300 • or



more can be expected to be on t.be order of ..0 dB or lIOn hifher
than free apace loaa depencl1ng upon diatance frca the raeu.atincJ
aouree.

XIS Ant,Ma Patt,rn.

Significant rejection to intarfer1Dg ailDAla that are
receivec:l in the horiaontal cUzect10n can be .-=hi...cl by tbe
Globalatar JIBS uaer antenna pattern. Por tboae .en ope~at1Dg on
hillaidea overlooking urban areaa, aucb .. BOulder, CO, 1D tba
ftIA a~:udy, tlaeMU ante_ a.1delobe reject10a 1Jl tile cU.zecUoD of
potential inteJ:fezeace 1a ...1a .ip1f~lIr::'..aed OIl 'tba
order of over 20 ell f~ the path of tbe dea Globalatar
aignal. Thuefore, tbe eas-cted ~terfar1aG .ipal 1....1. at. t.M
IllS receiver input ia ezpect;ed to be a1p1flcaaUy- zed1acecl frca
the extrapolatecl interfering paRr fluz cleDaity 1.".la bued upon
the ftIA atudy.

COlA Pqw9r Control

The Globalatar ayat. incorporatea COIlA vh1cb ia an excellent
apread apectna technique for II1tigatiag intarfariag a1pala.
Should a Globalatar JIBS uaer operate in a high ISM interfezeDCe
area, the Globalstar ayst_ can increaae the poRr in the
aatellite downlink S-Band aignal to that particular uaer via the
cloaed loop power control capability UDder the cc end of tbe
GlobAlatar GAteway. Over 10 cD of fo~ard path power control ia
available while atill remaining within the constrainta of tbe
S-Band spectral power flux denaity l1ait.a. Since.any uaen
occupy the aame RF channel, increaaing the power to one uaer doe.
not significantly increaae the total power and PPO within the
chlMel.

The Globalatar noiae floor 18 equivalent to a PI'D of about
-1..0 dBW/.2/4 kHa. '!'his ia approzJ..tely the avera.. interference
value in paragraph ".8 of tb8 Drafting Group C report baaeel upon
data at 2480 XIIa from aeveral aicrova". 098D8 in the ftIA nport.
In reviewing the RTIA data for thea. ovena, it appears that tile
average emiaaion density over the 2483.5 to 2500 a. band would be
20 dB lower or -162 dBW/m2 /4 kHa which ia 22 dB below the
Globalstar noise floor. The Globalstar ayatea ia vell equipped to
operate in thia type of enviro...nt. As -.ntioMd pl;eVioualy tile
Globalstar COMA technique ia well auited to counter not only
interference fro. other KSS aatellitea, but alao interference from
the ISH band.

Interfering PQWlr Flux PIDIity Calculetign

:saaed upon theae aitigating factoJ:., an as user lacatad in
an urban area and 300 • fre:-. a aignal aicrovave oven could eapect
an interfering power flux denaity (IPI'D) of.

- 2 -



IPPD • PPD at 3 ka + D - PL - UPLF

where PFD at 3 laD equals -141 a-,.2'4 JdI&

D· free space loss reduction clue to cleereased diataDce
or 20 dB

PL • bUilding penetration loss of 16 dB
UPIP • urban path loss factor of at lest 40 dB.

IPPD • -141 + 20 - 16 - 40 • -177 dBW,.2'4 kHz

This ia 37 dB below ~ GlobaJ.star DQ!se floor. Jmm with May
aicrowave ovena operating, this should DQt present a pzobJ..a in
urban areas.

For the case of an JIBS user operating on a hillsi. IIIINU:' aa
urban area... the expected interfering flux cleDaity ofncet nal1y
-103 dBW'.~'4 kHz (all _ntioned in paragraph 4.8.1) can be
expected to be overcc:.18 by at leaat 20 dB of anteDna rejection.
The operator can iJlprove this ratio by optiaizing the orientation
of the user handset. The Globalstar power control will also allow
for at least 10 dB of additional downliDk user power to overcc.a
the interference. Nominally 12 dB of propagation loss due to
foliage can be expected. Therefore, the coaposite interference is
expected to be less than the Globalstar noise floor which is
easily accommodated by the CDXA.

COnclusions on Sharing with the ISX

MES user ter.minals may operate in rural areas and thereby not
be affected by cumulative ISH interference. For the occasional
time that the XES ter.m1nal, is located near a IDicrowave oven when
it is operating, the location of the user with respect to the ISH
device is important. The input 8ignal, in this case, to the .S
will be aitigated by the lIES antenna pattern and shadowing aDd
blocking to about 20 db or acre depending on the distance frca the
radiating source. In any case, should the interference be over
the threshold both the power control and the path diversity
combining gain will be used to aitigate tbe interference.

MES user ter.minals operating in suburban and urban areas and
may experience some effect of cWiulative interference. Since the
shadowing and blocking of near zero elevation angle into the illS
antenna is severe, aad 8ince the antenna pattern will reject
horizontal interference, it is not expected to produce ..aningful
inter·ference. KES uaer terainals operating on .auntain areas
overlooking urban ar..s, such as Boulder, Colorado, the .S
antenna rejection of potential interference is also significantly
increased over the desired Globalstar sivnal.

To the extent that there ..y be any interference fra. ISll
there is also potential for dual BOde operation using terrestrial
cellular systems.

- 3 -



The potentlal interfennee fa. ID cIlw1ce8, .. .an of tbMe
device. are deployed My increue. ~ .bId.1e. OD ltmll. of
~••loDa UDdar varioua CODditioDa .boa1d .. COD'Jaot.ecl 1a or:der to
det.eJ:lltne if additional __are. of PJ=Ot:eetioD for U. as QII~

are required.

An AlterDate ADami..... AD alA Sbady

A .c.ewhat cUfferent analy.l., al.o ba.ed OD the II'1'IA .twIF, can
lead to the conclualoD that ISIl vill DOt be a pmbl_ in tM _.
we .tart vith an a..~a,. out-of-bdd ......Ioll fiow:- of - .... (4
ovena in Piq 3.1 of .tu.dy avera....t. 2••• "), -.ued at •
distance of 3.0 Il, in a 300 lcII& baDdwidth, and vith • '~t azrteDDa
gain of 2.5 dBi. The flux delUlity glven bY .uch a •••url.at la
trallllatable into our tenaa, ~ly dBW/.2:'4 Jdls by the eqaatioll

, • C-Gr+G~-10 Log (300/4)

~ • -60-30-2.5+29.25-18.75

• • -82 d»l1.2_4 JdIa

At a c1i.tance of 300 • thi. ~aIlIlate., a••uaiDg free .pace
~~~~a::~~~~,_~n~z:122 dBW/. -4kHz and at 3 ka into a value of

In the reception of signal. by an illS there are aany factor. that
will .erve to reduce this level of interference. A good DS
antenna will be designed to have .ub.tantial rejection for
horizontally propagated signals since it i. deaigned to look
upward at high elevation angle.. Thi, ,ide lobe rejection CD be
the order of -20 dB in .ome ca.e. and probably vill average .t
least -10 dB. Building blockage (PL) can account for another 16
dB (according to Vogel) and urban path 10•••• can be .iptficaatly
in exce.s of the free .pace values (UPLF) • 'lhi, factor aboald be
at least 40 dB. Under the.e c!rcuaatance. the interference flux
density is given by

4> • ~ (free space) - PL - UPLP

+• -122-16-40

+• -178 dBW/.2 -4 kHz

This i. _11 below the noi.e floor for any 8S rec.i".r operating
at the pre.cribed flux denaity of -142 dWIIl.2 -4 kHz. "'n
allowing for interference f~ a nUllber of 0Y8JUI. operating
simultaneously there should be no trouble.
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ADDENDUM 3

STATEMENT OF ADDITIONAL VIEWS OF MOTOROLA

ON INTERFERENCE FROM ISM DEVICES

IN THE 2483.5-2500 MHz BAND



The 2400-2500 MHz band is allocated internationally by
ITU footnote 752 and domestically by Part 18 of the commission's
Rules for use by Industrial, Scientific, and Medical (ISM)
applications, including microwave ovens. There are 80 million
microwave ovens in the United States, and 200 m1llion microwave
ovens worldwide. Since MSS applicants were not able to aqree on
the significance of the interference ot ISM to MSS operations in
the 2483.5-2500 MHz band, the committee was not able to reach a
consensus. Therefore, Motorola provides this Statement of its
additional views.

NTIA Technical Memorandum 92-154 me.sured microwave
oven emissions in the 2400-2500 MHz band. The.e measurements
showed emissions at 2480 MHz averaging about -50 dBm in a 300 kHz
bandwidth at the output of a 2.5 dB receiving antenna located 3 m
from the oven. A technical analysis applying the NTIA data to
proposed MSS operations in the 2483.5-2500 MHz band was pre.ented
to IWG2 (IWG2-70 (Rev 1», and is attached as Exhibit 1 to this
statement. Motorola supports the conclusions in this analysis.

This analysis took the NTIA calculation of the mean
EIRP, added 5 dB of margin, and concluded that the average
interference power from ISM was still 36.5 dB above the thermal
noise floor of a typical MSS receiver.

The ITU radio regulations establish a PFD coordination
trigger of -142 dBW/sq m/4kHz. The NSS systems proposing to use
this band would operate at or near this limit in order to
maximize their capacity and avoid interference to other users in
the band. If the power per channel is increased in the MSS
downlink to overcome the interfering power, the number of
channels served must be decreased. This would reduce the overall
system capacity. Since the interference power is likely to be
very high compared to the thermal noise, MSS satellites would
probably not be able to transmit sufficient power to overcome the
interference noise and provide a usable" signal-to-noise ratio to
the MSS receivers. As a result, MSS capacity in populated areas
will be substantially reduced.

Accordingly, MSS downlink transmissions in the 2483.5
2500 MHz band may be limited to sparsely populated areas. Even
downlinks in these sparsely populated areas may experience
interference varying by location and time.



IWG 2·7. (R.y I)
Jola. It......
Moloro.a
Marcia 1', 1"3

INTERFERENCE POWER DUE TO ISM EMITTERS IN THE W3.5-UOI MHZ
BAND

1. Introduction

The frequency blllCl 2483.5-2SOC) MHz WII aI1oc..... WARC·t2 to 1M MobUe
Satellite Service (MIS) for 1pP-ID-Eardl til••;..... 'I1Ic 2400-2500 MHz
band 11 aIJo llJocatecI by IooaIote 752 ill tbemJ blio .......... for _ by
lnduJtrial. Scieatific ad Medical (ISM) doYiceL TM Ual... S... JaIl
~strieted ISM UIC 10 tile 2400-2483.5 MHz 1tIad 'I'IdI........... die
lOurces of interference noise in tile 2483.5-2500 MHz bind fIOIIl ISM UICI. and
determine. the suitability of this band for MSS space-ta-Earth
communications.

ISM uses are many and varied with their UIC iDcreuiD.. They iDcIude.
microwave ovens, bi,h efficiency Ii.htin, .ystem., and indu.trial equipment.
Wireless communications operalin, under Pan 15 of the PCC'. Rula allO have
been included in this aDalysis.

ISM devices use radio frequency (RF) enerl)' for purposes other than
communications. While consumer microwave oven. are DOt tile .ly ISM
devices in this band, they are by far themo.t prevalent.

In the United States. ISM emillion. ouuide the ISM band are required to be
suppressed below 2S microvoltl/meter at 300 meterl. Inlide the ISM band, ISM
emissions Ire unrestricted.

A repon publisbed by the NTIA1 clac:ribe. meuwuaenta made ill the 2400
2500 MHz band by the IDltitute of Telecommunication Scieac:ea (ITS) of
Boulder, Colorado. The ITS Spectrum Use Meuureaaent OIoup performed a very
careful analysis and meA.urement pro,ram which quaatified the interfereDCe
emissions in this band. This paper UICI tile reaulta of NTIA'. lDIlysil _ teat
prolram to eatimate the interference Doise in this band relative to the thermal
noise.

2. NTIAIITS Tata

2.1 DIlcrlptlo. of tla. Tilt SCl.arlol

The followiD, is a ahOft IUlDmary of the teatin, that wu COIlCIueteeI by
NTIA/ITS. For a complete deSCriptiOD of thcae teltl. it II DClCCIAry to refer to
the NTIA dOCUIDeDt.

1 NTlA TechDical Memoraadum 92-154, -ACCOIIIIDoda&i01l of Bl'OIdcut 5aleDite (SouDd)
and Mobile Satellite Services in the 2300-2450 MHz bud-, Juuary 1992.

1



The purpoae of \be teltml was to determiDe \be feuibility of accommodatml
tbeBroldcut SlleIlite Service (BSS) betweea 2300 ad 2410 MHz aacI tile Mobile
Satellite Service (MSS) in the Eanh-tG-IpACe directiOIl betwea 2390 IDd 2450
MHz. IJa coaductiDl these teall. bowever. meanremenll were made in the
2483.5-2500 MHz band.

Two types or te.lS were cOIldueted:

1) Measu~ments of tile compo.ite ealalUODI at Boulder. Colorado from
mountain sites overlookinl the city. and

2 ) Characterization of lbe emiaioDl of microw.ve oveDl.

2.2 Me•••re.eDtI of Co.pOllte E.....OD. .t ••••tler, C.lor•••

Tbe meau...ent of the c:ompoaite emilliOlll at IIoaIcler In .f mOIl ....
•ince they quantify the emilaioDl from 111 bated... IOUICeI iD. die
frequeDcy band of iDterest. The populatioa of Boulder ia approaiaately 90.000
people.

Tbe followin, is I lummary of the dati and analysi. from the composite
emission telts.

2.2.1 De.crlption or tbe Me.aare.eDtI

Tbe meuu~menlS we~ taken from two Ililltopl outli~e of Boulder - Greca
Mesa and FlI,staff. Tbe purpole of thole aaeuuremenl. was to estimate the
equivalent EIRP of the ISM environment in the city.

Measurements of the a,arelate emilsion spectrum were taken in I blDdwidth
of 30 kHz and measured over the entire band from 2300-2600 MHz. Tbe lOIIft:e
of the emission power was ...umed to be emitten distributed Kros. the field of
veiw of the antenna.

2.2.1.1 Green Me.. Me.a.re.eDta

The measurements were tlken from Green Mea wbicll il a bill applOalmately
155 meten hip. 3.5 kill from the popaphic eater of the cit)' ad 2.3 kill
from the close.t concenuatioa of II..ificlDt radio ...iltioal.

Fipre 4-1 from the NTIA report show. the aureaate emiuion IpCCU'UIIl flOm
Green Me... The dati abOWI the muimam peak. melD peak and lDilDia1UD peak
dati taken durinS a 24 bour period. The data is lilted as received lipal level.
In the Deat aec:tiOD of thi. paper. thi. data is converted to the EIRP of the
emitten ulin, the receiver antenDl Ilia and abe eli..ce to abe c:eater of die
emillionl.

2.2.1.2 F••,lt." Me•••r••eDta

The meuu~meDts were taken flOm Flaptaff wbicla i•• bill approumately 610
meten bip. 3.9 km from tile JCOIl'IPhic ceater of abe elty IDd 3.5 kID fIG8l
the closest cOllcelltntion of lipificant radio emiuionl.

2
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FiJUre 4-2 from the NTIA repon shows the agreiate emiuioD spectrum from
Fla.staCf. The received sipil level is sliptly lower thlD that of the Greca
Mesa tests but the meuuremeDts were made at I ,reater dilt_ce thlD the
Orecn Mell tests..

2.3 Analysis of the Measurements

2.3.1 Determination of tbe EquI.lleDt EIRP

2.3.1.1 Green Mesa Tests

To determine the potential depadatioD of the ISM eDviroalll_t. lIle ....._
EIRP from the distributed emitten wu calculated. TIlil wa done by collect1DI
the total enerlY from the diltributed emitten ad deloraiDiDl the power of a
linale emitter that would equal the power of tbc clilUilMaaed emiuen.

'lbe received peak EIRP is expressed u:

EIRP • Pr - Or + L,

wbere: EIRP • effective isotropic radiated power of the microwave oveas
or other soun:es in the Boulder area. in dBm

Pr = received power at the mcuuremeDt receiver input. in
clBm

Or == gaiD of meuuremeDt receivin. _teaa.. in dBi (2 dBi for
cavity-backed Ipiral)

L, = free-space propagation path lou. in dB

The GreeD Mesa meuuremcats showed a maximum peak power of -75 dBm at
2450 MHz. The maximum peak power in the 2483.5- 2500 MHz band wu Ibowa
to be about -80 dBm. ComputiDa the EIRP from the cloaclt CODCatntioa of
significant soun:el (2.3 km) results in the followina:

EIRP • -75 - 2 + 107

EIRP • + 30 dBm • 2450 MHz (+25 cIBID • 2483.5-25OOMHz)

Bued upon these meauremeall 11 2450 MHz. die NTIA repon dercrmined that a
maximum peak EIRP of 1 Watt characterizes aD ISM environment of
approximately 90.000 people.

The repon commeDts that since the aurelate emiuiODS appeu Doi.-ute. a
melD squared sipal level would probably be 12 dB below dae muim_ pub.

ExtrapolatiDg these results to the frequeDcy blDd 2483.5-2500 MHz aDd Idclinl
ID extrl 5 dB of marpD. the dill iadicatel the Collowin. meaD EIRP:

ElRP(mean @ 2483.5-2500 MHz) a 30 - 5 - 12 • 13 dBm
a -17 dBW (mean)

3



2.3.1.2 'Ialltarr Telts

1bc Filiitiff' mcuuremenls showed a maximum peak power of -80 dBm Il ,2.450
MHz. The maximum peak power wu shown to be about -., dBm Il 2483.5-2500
MHz. The computed EJRP from the close.t CODCCDtrltion of sipificut IOUICCI
resulted in the followin,:

EIRP • -80 - 2 + 111

EIRP • + 29 dBm (12450 (+24 dBm. 2483.5-2500 MHz)

Once llaiD. these fiprea tppIOsimlled a mubDum pelt EIRP of 1 WalL

Extrapolatin, these results 10 the freqUCDcy baD4 2413.5-2500 MHz aad Iddiq
ID extra 5 dB of mqiD. the dill iadicatel the folloWba, meaD BIRP:

EIRP • 29 - 5 - 12 • 12 dBm • -18 clBW (me.)

3. Calculation or aD EquivaleDt InterfereDce SIIDa. Power

The data from the NTIA repon wu then applied to the ex.pected enviroDlDCIlt
for MSS receiven operatin, in the 2413.5-2500 MHz frequency band.

This section extrapolates the NTIA data to eslimlte ID a"erlp PPD from ISM
sources in relation to the thermal noise level.

The average Interference Power Flux. Density (lPFD) Clll be calculated u
follows:

IPFD • EIRP (mean) - A - R

where:

IPFD • Ellimlled Iverap power flu cleDlity of die iDlelferiDl Ii....

EIRP (mean) • MelD EIRP from the Greea Meaa IDeUUNIDIIltl (dBW)

A • TIle IIlteDDI on 1M hUl above Boulder ia UlUlDed to .. • uu of
approximately 7 kill by 7 kill or 49 Iquaie kilometen (A • 76.9 dB)

R • RIIlo of 30 kHz to 4 kHz • 8.8 dB

IPF'D • -17 - 76.9 • 8.8 • -102.7 dBW/Iq m/4 kHz

The equivalent avera,e interferin, power lpectral deality mlY be calculated
u follows:

10 • Avera,c iDlederiD, power .pecual deDlity



wbere:

o • Oain of • 1 IqUll'e meier IDteDDa • 2.5 OHz • 29.4 dB

S. 10 Log (4 kHz). 36.0 dB

10 = -102.7 - 29.4 - 36 • - 168.1 dBW/Hz

Tbis interfering power .pectral denaily CID be compaRd 10 the cqWvaleat
therm.l Doise u follow.:

AalUDling • typical MSS receiver bu I Dolle tapenture of 250 ......
Kelvin, the noise floor of lIle receiver is:

wbere:

K • BoltzmlDD's conlWlt • -228.6 dBW/Hz

T = System noise temperatuft • 25()O K • 24 dB

No = -228.6 + 24 • - 204.6 dBWjHz

Tbe average interference power compared to Doise is:

10 - No • - 168.1 + 204.6 • 36.5 dB

Since the inlerfereuce should be .t leul 10 dB below the thermal DOiIe. the
interference problem is:

Problem. -168.1 + 214.6. 46.5 dB

Accordinlly, even thouab the EIRP level wu ncluce4 17 dB below die ISM
equivalent power calculated in the NTIA repone lbe averap iDlerfereace
level is ltill lipific.llly above die thermal Doile Door of • a,pical MIS
receiver.

4. CODnr••Uon of the Eq••••••nt ElltP

In order to confirm die re&loalbleDCII of die EIRP .alues calculated Uo¥c. •
similar computation wu made in the NTIA repone TIIiJ w. daDe '"
extrapolating the EIRP from I aiDgle ovea 10 die number of ....1 eapected
within the city of Boulder

wbere:

EIRP • Pr • 0, • "+ 1.., + 10 101 N

EIRP • eft'cctive ilOUOpic ndiatecl power of tIae .Ient....
OVeDS or olller 1OUrc:e1 in Boulder. iD dBm
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Pr - received power trim a siDale oven at the measurement
receiver input: -13 to -30 elBm

a - lain of meuurement receivilll ID1CDDa, ill dBi (2 dBi)

~ == buildinl lttCDuaUon. in dB (typically 5 dB at 2450 MHz)

L, - free-spICe propalation path lou for 3 meteR. in dB

N. Ibe number of oveu ill Boulder operatiq It 2450 MHz It
a tpeei(u: iDltaDt (pop 9O,OOOll.s pop per IIouIebold x
80.. x .001 ICtivity factor).

EIRP - (-30 to -13 dBm) - 2 - 5 + 50 + 14

EIRP == + 27 to + 44 dBm • 2450 MHz

Accordinlly. the equivalent EIRP value. determined by oblervinl _inion.
over Boulder are consistent with those values extrapolated from individual
oveDS.

5. Sources of Interf.rlnl Noise In tile Band

There are many poteatiaJ lOurces of interferiDl noile. TIley iDclude
microwave ovens. bilb efficiency lilbtinl .y.tem., industrial equipment. and
wireless communicatioDs devices operatinl under Pan 15.

In this section reference is made to a document. cIated 3/11193. which wu
provided by an AMSC representative to lWo 2 DrafdDa Group C. Aulcbed to
that document arc the January-April 1991 filinl' mlde la General DoCket '89
554 (Supplemental NOI OD WARC 92) relardinl the ISM use of dae 2400-2500
MHz band. These filings detail many lOurce. of potential ISM laterference.

5.1 Microwave O••n.

Microwave OVeD' are by far the pealelt use of die ISM bad. Tbere are an
e.timated 80 million oveDi in use in die U.S. and applODIIlately 200 _lUon
OVeDS world wide. Por the lut several yean, ID averaae of approximately 10
million oven. per year were manufactured IDd imponed into dae U.S.

The NTIA repon ladicate. that the primary IOWCC of laterfereace ill dill band
i. believed to be from microwave oveDi. TIle NTIA docuJDeDt estlIDlteI dial
dlere are approximately 30,000 ovens in dle Boulder area of which 300 are
UlUlDed to be in operation It lDy ODe time.

A potential lDomoly exi.ts between the .pectral IDcuureaaCllU made on tile
indivudual microwave oven. and the compolite _inioa mc.uremcDtl made
over the Boulder area. The miclOwave oven IDCIIUIUlCDU Uow a IIIup
decrease of the ndilled power in eIle 2483.5-2500 MHz bud CCllllpanId 10 die
.pectrum below 2413.5 MHz. TIle composite IpCCUUID mcuuremClllI, IIowever,
show only an approximate 5 dB decrease. This could be due to the opention of
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other type. of ISM devices or due to tile 8Ctual perfonalDCe of microwave
OVeDIU &bey lie and operate under various cootia. CoaditiOlll. Data
P!'CHIlted iD OeDerll Docket "'-554 iDdicalCl that lUcIa ia18rfereacc may
indeed be due to microwave oven•.

5.2 Industrial Equipment

Use of the ISM band for industrial cqwpmeat is iDeraaia.. Mally of tbeIe
device. cODtain hip power elDiuen. ID ill filial ill Oaeral Dockel "'-554.
Fusion Systems of Rockille. Md. defmed ODe type of iadUJUiai IIIC of the ISM
band. Fusion Systems Rates that it bu manuflCtured diOUUllds of microwave
powered ultraviolet lamps for indu.trial UIC .d dlat dIl. eqwplDeDt CUrreDtly
(April 1991) uses the entire 100 MHz baDd.

A typical lcakaae power widlia a builcliq i. 33 Waaa (+ 15 dBW) ill die ISM
band. Assuminl the power i. equally dillributed Ie'" die 100 MHz baDd IDd
a 5 dB loIS throup &be buildina walls, the EIRP outside of a buiIdiDI ill die
2483.5-2500 MHzblad is 1.9 Watts (+2.8 dBW). 1'IdI leYei ClOfIeIPCJDdI to • BIRP
spectral density of - 78.2 dBW/Hz. It would require a free apace diltlDCC of 12.3
miles to attenuate this signal to the thermal Doise level of a 250 dcpee Kelvin
MSS receiver.

The usage of this type of equipment i. expected to increase.

5.3 Blah Efficiency Ll,htln. S,.t•••

Fusion Systems bas also indicated that it hu developed extemal liptln.
syRems that utilize mapetronl. ODe .pplieatioll is ulilll daeIe liptl for
parking lots. A lix lamp liptinl I)'IIeJD for a putill. lot .... bceD iDltalled
which has 12 mapetroos opcratin. colltinuoully durin. the ni,hl.. The
continuous operalion.of multiple mapetron. in an lIDall area would provide a
lar.e interferin. source in the 2483.5-2500 MHz band.

5.4 Wireless Communication.

Thc ISM band may be used by many wireless commUllicadODI ia tile Dell'
future. In the United States. these networU are opented1lDClcr Pan 15 of the
PCC'. Rules which define the moduladon/lDuidple ICCeII teeIuliqua to be
.pread .pectrum (either direct sequence or frequeacy hop). It i. belie¥ecl that
.y.tems under developmcnt for world wide use can allO be IIICd in the thlited
States in accordance with Pan 15.

The power limit for thcse deviccs i. 1 Wan widlia tile UDitecl Swcs. It is DOt
known if there are power limits on R-LAN ....p in otberparu of die world.

Althoup fcw of these devices are believed to be ill UN DOW, .,..... aN ador
development and their usa.e is expeclCd to lacrellC dramadcally widain tile
next few ycars. ID ill filinl in Otaeral Docket '89-554, Role e.uaaaicadau
estimates that over 1 million of these Pat 15 devices could be openliOllal
within 3 to .. yean. Their out-of-baDd emiuiou will Mel to alae paeraI level
of interference in the 2483.5-2500 MHz frequeacy bind.

5.4.1 Radio Local Area Network. (R-LAN.)
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R·LAN'. are widebMd data liab &bat operaae in .... ... ".. 2400-2500 MHz
(except for the Veiled StIItI wberelbe bIDd 11 IUUicIed 10 2400-2483.5 MHz).
A poteatiaUy IlIIe UIIP of R-LAN'. i. for data ucle.p __ ponaItIe
(laptop) computer. ad tbeir acca.oriel (prillton).

5.4.2 Medical Telemetry ApplicatlOli1

ID itl filinl in General Docket '89·554. Radi.t 5y.... iDdiclIeI tbat it i.
developiDI Pan 15 devicel for medical telemetry applicadoal ill daiI bIIId.

,. PoteDtla. Metbod. for MIUptiDI ISM laterrereace

Tbis sectiOD reviewl the poteDual methoda for mitilatiDI ISM iDtorlereace.

'.1 S.p,r"lloD of tile ISM E.iulou

The AMSC document iadicate. that nppreuiOD of ISM emiulOIlI .-oved fmm
2450 MHz i. Dot IIIlODI the poteaual IOlutiOD' 10 the problem.

6.2 SI,nal Procellln,

A poteDtial 10lutiOD il to proces. tbe illtorleriD, ISM lipall oat of die·
received MSS lipa" The bumy Dature of microwave oven emi.1ioDI ollen a
poteDtial for pulse blanken to milipte the effects of illterleriD, lipal.. 'I'Ilia
solutioD. bowever, bu several drawbacb:

1) No ODe lipal proceuiol IOlulioD illikely to elimiDaac illterlereaee
from microwave oven.. bi,b efficieDcy liptill, sy..... bldultrial
equipmeDt IDd wirelel. commuDicatioD device••

2 ) The ISM iDterference level mo.t likely would be 100 hip to proccu out
complete] y.

3) Sipal procesliDI could reduce the lODIitivily of the MIS reeeiven.

6.3 Increa..d Power of MSS DOWDIIDk.

The lTV radio replatlOD' allbliab a PFD coonliDadoD utIFr of
-142 dBW/aq ml4 kHz. OeDerally the MIS I)'IIeIDI -Ill tbiI bad operate at or
Dear thil limit in order to maximize their capacity IDCI avoid illlCrfereace 10
other usen iD the band.

If tIac power per cblDDOl i. iDCreued in abe MSS dowaliDt 10 overcome abe
interleriDI power. the number of CbUDel1 served mUll be decreued. 1bi.
would reduce the overall SYltem capacity.

SiDce the interference power il liUly 10 be very iii'" CCIIDpared 10 dae
thermal Doite. it il queatiODlblc wbedaer tbe MIS ...Oiac would be able 10
lnallDit lufficieDt power to overcome the iDterfe.-ce DOiIe aad provide a
usable .ipal-tO-DOise ratio to tile MIS receiven. TIle ...It wiD be dial abe
MSS capacity iD populated areu will be .ub'lIDtially reduced.

6.4 Area Avoidance
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A suucsted solution could be the use of dual mode \lief tCl'llliDal. that would
COIltain both a ceUulu nelio and an MSS ndio. TIle cellulll ndlo could be
used in populated ueu that have cellular coverap and tile utellite radio
could be used in remote or UDpopulated areu.

7Conclu.ions

• ISM Interference I. IIkel, to eacted Ireatl, tile tller.l.
noile in popullted area•.

. TIle data taken durin. the NTIA teItI iaclicate that a lipillc.t ISM
interference noise noor e~ilt. in populated ueu daat coatlia .lclOwave
OVeDI and other ISM emitten. ADy uer temaiaal in die MoIHle 8_llle
Service operatin. in populated IICU will eaperieace .UJiq iii'" level
interference Doise that will .ready c~ceed the thcrmal aoiae.

• ISM Interference I. IIkel, to lacr.i.. lad b. .or. .I••r..

Although the present sources of ISM interfereDce are likely 10 be miclOwave
oven•• Dew uses in the industrial. Iipdn, IDd wireles. coauDUIlication
systems are bein, developed that will cause an iDcreue in the .eaeral level of
interference. Also. the types of interference will become more clivene u the
different types of uses become more prevalcnt.

• There are no adequate lolutlon. to ISM Interference

Suppression of ISM emissions. sipal procea.in, or increased aatellite
downlink power are not likely to be amOD, thc potClltial IOlutions 10 the
problem.

• Area Avoidance ma, be tbe onl, potenUa. 10laUoD

Avoidin, the use of the utellite .ystem in vinually all populated areas .ay be
the only method for resolvin, the ISM interfereDce probI_. Since IDOIt of
the urban IDd suburban areu are covered with cellular coauDUIlication
syatems. use of a dual mode user terminal, MSS IIld cellular. could Iaelp avoid
many of the interference scenarios but would restrict the overall availability
of MSS service.

9


